Introduction
Extranodal natural killer (NK)/T-cell lymphoma, nasal type (ENKTL), is an aggressive lymphoma that is associated with the Epstein-Barr virus (EBV) and has a strong geographic predilection for Asian and Central and South American populations. 1, 2 Seventy to 90% of patients with ENKTL have stage I or stage II disease in the upper aerodigestive tract. 3 Clinical management of early-stage ENKTL is inconsistent; chemoradiotherapy or chemotherapy with sandwiched radiotherapy has improved the prognosis recently. [4] [5] [6] In addition, because NK cells express high concentrations of the multidrug-resistant P-glycoprotein (P-gp), which can actively export doxorubicin and vincristine, CHOP and CHOP-like regimens lead to inferior treatment outcomes in newly diagnosed stage IV, relapsed, or refractory ENKTL patients, who survive for less than a year. 1, 2, 7, 8 Recently,
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liu et al been used to improve the response rate and finally benefit the overall survival (OS) and progression-free survival (PFS). [9] [10] [11] [12] However, the drugs can lead to severe hematologic toxicity causing related infections or even death. Additionally, the short plasma half-life and allergic reactions of l-Asp also limits its use in practice. Pegaspargase (PEG-Asp), another novel drug, has proven effective against ENKTL with less toxicity and a longer half-life than l-Asp.
13
Pegaspargase combined with gemcitabine, such as with GELOX/DDGP, has been demonstrated to improve the overall response rate (ORR) and survival with tolerable toxicity. 6, 14, 15 However, the efficacy and safety of regimens that combine gemcitabine with pegaspargase require further investigation in additional clinical trials, especially for early-stage patients that require radiotherapy. Our previous clinical studies demonstrated that pegaspargase, gemcitabine, dexamethasone, and cisplatin (P-GDP)-combined regimens have the potential to be an effective and safe regimen for early and advanced ENKTL. 16 Therefore, we conducted a retrospective study to investigate the efficacy and safety of P-GDP with or without radiotherapy for the treatment of 57 newly diagnosed ENKTL patients to test its effectiveness and safety.
Patients and methods eligibility criteria
Newly diagnosed ENKTL patients were enrolled between September 2013 and November 2016 and were treated with a P-GDP regimen at the Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan. Their pathological data were examined to confirm the diagnosis of NK/T-cell lymphoma. Immunohistochemical analyses indicated that all neoplastic cells were typically positive for cytoplasmic CD3ε, CD2, CD56, CD43, granzyme B, TIA-1, and EBER, but negative for surface CD3 and CD20. Patients presented with an Eastern Cooperative Oncology Group performance status of 0-2 and had adequate hematologic, hepatic, and renal functions. Follow-up information was obtained from the patients' medical records or by telephone. This study was approved by the Ethics Committee of Tongji Medical College, Huazhong University of Science and Technology. Written informed consent was waived as there were no conflicts of interest or damage to patients and patient data confidentiality were guaranteed according to the requirements of the Ethics Committee.
Disease evaluation
Clinical evaluations at the beginning of the study included a medical history and physical examination, complete blood cell count, serum biochemistry (including hepatic function, renal function, electrolytes, lactate dehydrogenase [LDH], serum EBV DNA levels), and a bone marrow examination. Nasopharyngolaryngoscopy, magnetic resonance imaging of the head and neck, and computed tomography scans of the chest, abdomen, and pelvis areas were performed. Positron emission tomography was recommended but was not compulsory. The clinical features that were evaluated for potential prognosis included stage, disease status, B symptoms, serum LDH, International Prognostic Index (IPI) score, blood cell counts, and EBV DNA blood levels and were recorded before administration of the P-GDP regimen. All patients were staged and scored according to the Ann Arbor staging system.
study design and treatment
All patients (n=57) with newly diagnosed ENKTL were treated with the P-GDP regimen. The P-GDP protocol was repeated every 3 weeks and was administered as follows: pegaspargase (2,500 IU/m 2 intramuscularly on day 4, maximum dose 3,750 IU), gemcitabine (1,000 mg/m 2 intravenously over 30 minutes on days 1 and 8), dexamethasone (40 mg/day orally on days 1-4), and cisplatin (25 mg/m 2 intravenously on days 1-3). For patients who were in poor condition or who experienced severe toxicities, doses were reduced accordingly. Stage I/II patients were given radiotherapy before the P-GDP regimen, and some stage III/IV patients who achieved a complete response rate (CR) or partial response (PR) after P-GDP chemotherapy received additional primary involved-field radiotherapy when the primary tumor site was in the nasal cavity or the nasopharynx. If patients developed any grade 3 nonhematological toxicities, grade 4 neutropenia complicated with fever higher than 38.5°, or grade 4 thrombocytopenia complicated with hemorrhage, the doses of pegaspargase and gemcitabine were then reduced by 25% in the subsequent cycles. Granulocyte colony stimulation factor (G-CSF) was administered in cases where a grade 4 neutropenia or leukopenia or a grade 3 neutropenia or leukopenia that was complicated with fever was observed. Interleukin-11 or thrombopoietin was administered in cases with grade 3/4 thrombocytopenia.
Treatment response and toxicity criteria
Revised Cheson's standard response criteria were adopted to assess the treatment response. 17 A CR was defined as no evidence of disease and disease-related symptoms. A PR was defined as a ≥50% decrease in the sum of the product of the diameters (SPDs) of masses and no new lesions. Stable disease was defined as a patient who failed to attain a CR or PR but did not fulfill those criteria for progressive disease (PD). PD was defined as the appearance of new sites or a ≥50% increase in the SPD of previous lesions. Toxicities were graded according to the National Cancer Institute Common Toxicity Criteria, version 4.0. Physical examinations and laboratory tests (routine blood test, plasma biochemical tests, and routine urine tests) were used to evaluate adverse reactions and toxicities.
statistical analysis
OS was defined as the period from the initiation of P-GDP administration or radiotherapy to the date of the patient's death for any cause or last follow-up. PFS was defined as the period from the initiation of P-GDP administration or radiotherapy to the date of disease progression or relapse. The primary end points were the ORRs at the end of treatment. The secondary end points were CR, 2-year OS, 2-year PFS, and toxicity. The ORR was defined as the percentage of patients who achieved CR or PR. GraphPad Prism v5.0 software and SPSS statistical software v20.0 (IBM, Armonk, NY, USA) were used for the statistical analysis. Survival analysis was performed via univariate and multivariate Cox regression hazard analysis. Survival curves were derived from Kaplan-Meier survival analysis. P-values <0.05 were considered to be statistically significant.
Results
Patient characteristics
Fifty-seven newly diagnosed ENKTL patients were enrolled from September 2013 to November 2016 and were treated with the P-GDP regimen. Patient characteristics are summarized in Table 1 . The ratio of men to women was 1.7:1. The median age was 42 years, and a majority of patients presented with an Eastern Cooperative Oncology Group performance status of 0-1. Thirty-nine patients (68.4%) had stage I or stage II disease and 18 (31.6%) were stage III or stage IV. The primary involvement site in 53 patients was the upper aerodigestive tract (nasal cavity, nasopharynx), while for one patient it was in the right parotid gland region, and for three patients it was in the skin. Thirty-two patients (56.1%) had systemic B symptoms, and 16 patients (28.1%) had elevated levels of LDH. The distribution of IPI scores included 47 patients (82.3%) with IPI scores of 0-2 and 10 (17.7%) with IPI scores of 3-4. Thirtythree patients (57.9%) had increased serum EBV DNA levels. Only one patient had a bone marrow infiltration.
Treatment
The total number of cycles of P-GDP regimen received by all patients was 167, with a median of 3 cycles per patient (range, 1-6 cycles), and pegaspargase was administered in 157 of 167 cycles. Thirty-nine stage I and II patients received involved-field radiotherapy at a median dose of 56 Gy before chemotherapy. Three to four cycles of P-GDP were given to the stage I and stage II patients after radiotherapy. Stage III/IV patients with primary tumor sites in the nasal cavity or nasopharynx received radiotherapy at the end of chemotherapy while achieving a CR or PR. One stage IV patient received hematopoietic stem cell transplant (HSCT) after achieving a CR after chemotherapy.
Efficacy and survival
Response assessment was analyzed in 57 patients, and the results are shown in Table 2 . The ORR for all patients was 
Prognostic factors
In univariate Cox regression hazard analysis (Table 3) , the clinical factors that were predictive of poor survival both for PFS and OS were stage III/IV, an Eastern Cooperative Oncology Group (ECOG) score of 2, hemoglobin <110 g/l, and an IPI score at high risk. Patients with ≤60 years of age, LDH ≤240 IU/l, or without B symptoms seemed to show better PFS and OS, but there was no significant difference. However, multivariate Cox regression hazard analysis showed that only ECOG score of 2 was predictive of a poor PFS (HR=9.857, P=0.020) and OS (HR=8.528, P=0.035) ( Table  4) . The results are shown in Figure 2 .
Toxicity Treatment-related toxicities are summarized in Table 5 . The most common grade 3-4 hematologic adverse events were neutropenia (n=24, 42.1%), leukopenia (n=28, 49.1%), and thrombocytopenia (n=22, 38.6%). Grade 3 hypofibrinogenemia was observed in 15 (26.3%) patients and was the most common nonhematological grade 3-4 toxicity. Two patients and one patient had to have their chemotherapy suspended due to grade 3 hyperbilirubinemia and increased transaminases, respectively. Grade 1-2 increased transaminases and hypoalbuminemia were the most common nonhematological toxicities. Three patients were taken off treatment with pegaspargase because of thrombosis (n=2) or an allergy to pegaspargase (n=1), and eight patients had a dose reduction or delay because of severe hypofibrinogenemia (n=2), an abnormal liver function (n=1), or hyperbilirubinemia (n=2) or hypoalbuminemia (n=2). All adverse events were manageable with supportive care. No pancreatitis was observed and no treatment-related deaths occurred.
Discussion
This is the largest number of cases combining P-GDP chemotherapy for the treatment of newly diagnosed extranodal NK/T-cell lymphoma. 14, 15 This retrospective study enrolled 57 newly diagnosed extranodal NK/T-cell lymphoma patients to test the effectiveness and toxicity of a P-GDP regimen with or without radiotherapy. In particular, this was the first study to treat early-stage ENKTL using a P-GDP regimen combined with radiotherapy. The ORR was 89.3% with a 70.2% CR rate. The 2-year PFS and 2-year OS rates were 75.9% and 82.9%. The most common grade 3-4 adverse events included neutropenia (42.1%), thrombocytopenia (38.6%), and hypofibrinogenemia (26.3%). These results are similar or superior to the response rates, survivals, and toxicities that have been reported in previous studies of chemotherapy followed, or not, by radiotherapy. 6, 11, 14, 15, 18 This study demonstrates that the P-GDP regimen is an effective and tolerable treatment strategy for this newly diagnosed patient population combined with or without radiotherapy.
For stages IE to IIE nasal ENKTL patients, concurrent chemoradiation therapy, sequential chemoradiation, or sandwich chemoradiation are the common strategies for the treatment, while chemotherapy is a mainstay treatment for patients with advanced-stage, relapsed, or refractory ENKTL. However, the optimal chemotherapy regimen is still controversial. Recently, a number of l-Asp-based regimens, such as SMILE and AspaMetDex, have yielded promising results in patients with advanced-stage or relapsed/ refractory ENKTL. 10, 11, 18 Moreover, several case reports and clinical studies suggest that pegaspargase is a potentially effective agent when used in the treatment of ENKTL. 6, 15, 18 Pegaspargase, in particular, which is associated with a lower incidence of antiasparaginase antibody induction and exhibits more prolonged asparaginase activity than native l-Asp, is an optimal drug for ENKTL. 8 Gemcitabine, an analog of cytosine arabinoside, is widely used to treat solid tumors and is effective against lymphoma, particularly in relapsed/ refractory patients. 19, 20 Park et al reported that GDP was a highly effective and optional salvage regimen for relapsed/ refractory peripheral T cell lymphomas (PTCLs). The ORR was 72% with 48% CR rate in a prospective phase II study. In addition, Wang et al reported a GDP regimen that yielded an ORR of 83% in newly diagnosed stage IV and relapsed/ refractory patients. 14 In a previous phase II clinical trial to evaluate the efficacy and safety of GELOX as an induction therapy for early-stage ENKTL, a 3-year OS rate of 78.0% with acceptable safety profiles was observed. 6 These studies suggest that pegaspargase and gemcitabine combined regimens maybe an effective and safe strategy.
Patients with advanced-stage and relapsed/refractory disease have a poor prognosis, and no standard management has been identified. Table 6 summarizes the latest published results using l-Asp/pegaspargase or gemcitabine-based regimens for this disease. As shown in the table, in newly diagnosed stage III/IV patients, ORR (77.8%) and CR rates (44.4%) were obtained. It is evident that the treatment responses and survival outcomes that were obtained with the P-GDP regimen are similar to those achieved with the SMILE and AspaMetDex regimens and that patient survival was improved, 10, 11, 18 which is indicative of the excellent antitumor effect of the P-GDP regimen. However, the response rate and survival results from our study are inferior to those reported by previously published studies. 15, 22 Possible reasons for this difference are that the sample size of advanced-stage patients was too small (only 18) in our study, and moreover, that four (22.2%) patients presented in poor physical condition, which is associated with poor response rates and short survivals. Nevertheless, our results suggest that the P-GDP regimen 
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P-gDP regimen in nK/T cell lymphoma can be a potential option for newly diagnosed advanced-stage ENKTL patients. For stage I/II ENKTL patients, treatments include radiotherapy alone or with combined modalities. A phase II trial of concurrent chemotherapy and radiotherapy (CCRT) followed by three cycles of VIPD was conducted to determine the efficiency of chemotherapy after radiotherapy in newly diagnosed, stage IE to IIE, ENKTL patients. 4 The estimated 3-year PFS and OS were 85.2% (95% CI, 72.5%-97.9%) and 86.3% (95% CI, 74.0%-98.6%), respectively. A 100% response rate was attained that included 22 (73.3%) CR and 8 (26.7%) PR. In another trial, 19 patients received sandwiched radiotherapy at a median dose of 50 (30-52) Gy with SMILE regimens. The ORR was 79%, the 1-year PFS was 53%, and the 1-year OS was 55%, while 67% of patients had grade 3/4 neutropenia. 11 Bi et al reported nine patients with stage I-II disease who were treated with PGEMOX or GELOX followed by RT that had an encouraging outcome (5-year OS 100%, 5-year PFS 85.7%), which was superior to that of patients receiving other regimens followed by RT. 6 However, the number of patients enrolled was small. The results of our study for 39 newly diagnosed stage I/II ENKTL patients after CCRT followed by P-GDP are shown in Table 6 ; the ORR was 94.9% and the CR was 82.1%. The survival was also superior to SMILE combined with radiotherapy, while it was similar to PGEMOX/GELOX or VIPD therapies after CCRT. Furthermore, the grade 3/4 neutropenia was relatively lower compared with SMILE and VIPD regimens. Thus, CCRT followed by P-GDP produced promising response rates and survival for newly diagnosed stage I/II ENKTL patients.
In this study, grade 1-2 toxicities had frequent side effects, but they could be well controlled with supportive treatments. Grade 3/4 toxicities were mainly hematological. Timely administration of G-CSF was essential when patients experienced severe cytopenia after chemotherapy. Grade 3 hypofibrinogenemia was another adverse event without severe coagulopathies and grade 4 hypofibrinogenemia. Other commonly reported side effects of pegaspargase therapy include liver dysfunction, hypoalbuminemia, hypertriglyceridemia, gastrointestinal disorders, and hyperglycemia. Venous thrombosis and allergies are other relatively common adverse events of asparaginase; two patients developed venous thrombosis during our study period, and one patient was allergic to asparaginase after its use. There was no pancreatitis observed in this study, and no treatment-related deaths occurred. The hematologic toxicities and liver dysfunctions that were observed in our study were considerably milder than those reported with the SMILE and AspaMetDex regimens. 10, 11, 18 In summary, the P-GDP regimen presented acceptable toxicity profiles.
In conclusion, this study demonstrated that P-GDP is an effective and well-tolerated treatment for patients with newly diagnosed ENKTL with or without radiotherapy. However, this is a retrospective study with a relatively small sample size. Prospective randomized clinical trials will be required to validate the long-term efficacy of the P-GDP regimen.
Conclusion
This study contains the largest number of cases that combine P-GDP for chemotherapy in the treatment of newly diagnosed ENKTL. P-GDP is an effective and well-tolerated treatment for patients with newly diagnosed ENKTL compared with current treatment options. Additional large sample prospective trials are required to confirm the long-term efficacy of P-GDP with or without radiotherapy in newly diagnosed ENKTL patients.
